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PREFACE 
During the last two years there has been a considerable increase of 
interest in deer farming in Victoria. However, there have not been many 
opportunities for people involved in servicing the developing industry to 
meet and discuss the problems involved. Veterinary practitioners have 
expressed interest in '})roviding improved service to deer breeder clients, 
but have been limited by the lack of readily available informat~on in 
this field" Research workers in the areas of veterinary medicine, 
animal nutrition, reproductive physiology and animal behaviour have 
contemplated investigations. involving deer, but basic knowledge on the 
management and common probl~ms of penned deer was lacking. The Department 
of Agriculture has also received numerous enquiries for technical 
information on many aspecte of deer farming" 
From the obvious need for the collation and dissemination of current 
know.J_edge on deer culture by and.to a group of people of differing 
scientific backgrounds, the concept was developed of a "training course" 
or symposium comprising review papers on a broad range of subjects related 
to deer farming" 
The symposium was jointly sponsored by the "Attwood" Veterinary 
Research Laboratory of the Victorian Department of Agriculture and the 
Deer Breeder's Association of Australia" 
The ''Attwood" Laboratory, located at Westmeadows 20 km north of the 
City of Melbourne, is the principle veterinary research laboratory of the 
Victorian Department of Agriculture" The functions of the "Attwooa' V .R.L. 
are: 
To undertake research on diseases causing economic losses to the 
livestock industry of Victoria with particular emphasis on the solution 
of practical problems" 
'To provide specialised veterinary diagnostic services. 
To undertake laborat0ry procedures for disease control programmes 
including the Brucellosis Eradication Programme. 
To provide consultative services to the veterinary profession and 
extension advice to the livestock industries. 
To investigate dis2ases i~ animals and birds in Victoria that are 
communicable to human beings, 
Veterinary office::.~s at "Attwood" have been involved with deer since 
1977 when virological and pathological investigations of the Malignant 
Catarrhal Fever-like syndrome of Rusa Deer, and investigations of repro-
ductive failure and perinataJ_ mortality of Fallow Deer commenced. 
The Deer Breedervs Association of Australia was formed in l974 and 
has members in all states of Australia, but is primarily based in Victoria. 
The "Attwood" Deer Farming Symposiu..rn held on 23rd April 1979 was 
addressed by some twenty speakers, Many of these people have had several 
years' experience working with deer, others have special expertise in 
scientific disciplines of relevance to deer farming. Some speakers had 
recently conducted literature reviews prior to commencing specific research 
projects involving deer" 
,7. 
The Symposium was fortunate to be addressed by two of the leading 
figures in deer farming research in New Zealand. Dr, G,H.Moore has been 
involved full-time in research on deer faI'll'ling at the Invermay Agricultural 
Research Station, New Zealand, since completing his dod:Prate at the Aus-
tralian National University in l973. Dr. Moore studied deer farming around 
the world as a Churchill Fellow in l974, and has undertaken research in the 
fields of farmed deer management and reproduction since that time. The 
symposium was also addressed by Dr. H.J.McAllum,a veterinary pathologist 
from the Invermay Animal Health Laeoratory, New Zealand. Dr., McAllurn has 
been providing a veterinary service to the emerging New Zealand deer farming 
industry since l97l and has conducted research in the areas of post-
capture mortality and diseases of Red Deer. 
The symposium was attended by ll6 people, of whom 52 were veterinarians. 
A list of registrants appears at the back of this publication. An additional 
thirty people, mainly deer breeders, attended the evening session to hear 
the four pap~rs on hatrdling Fallow deer, rearing fawns, Deer Farming in the 
Northern Hem~here and disel'lses of farmed deer in New Zealand. 
The phenomenal growth of interest in deer farming has for some time 
indicated the need for a handbook that would be useful to breeders and 
scientists alike. It is hoped.that this publication in part will meet this 
need until a more comprehensive handbook appears. 
I would like to thank all the speakers who gave freely of their 
valuable time to address the symposium and prepare written. papers for this 
publication. Financial assistance from the DBAA enabled Dr. Moore and 
Dr. McAllum to travel from New Zealand to address the meeting and is grate-
fully acknowledged. Special thanks also go to the officers of "Attwootl'' 
V.R.L. who gave freely of their personal time to ensure the success of this 
symposium. 
L.J.Denholm 
convehor 
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PHOTOPERIODIC, ENDOCRINOLOGICAL AND 
NUTRITIONAL FACTORS .AFFECTING ANTLER 
GROWTH 
B "A" McGrego:;'." 
Animal Research Institi1te, Werribee 
Victoria, Australia 3030 
SUMMARY: The introduction of the paper defines antlers, 
their occurrence and use;:;. ·Antler development, from the 
growth of the pediclesp development and shedding of the 
velvet to the annual casting of the antlers is described. 
Information on the physical size and chemical composition 
of antlers is provided" 
Evidence of the involvement of light and photoperiod in 
the antler growth rhythm is discussedo In temperate 
species of deer the endogenous ci:rcannual rhythm of antler 
replacement can only express itself when the ratio of 
light to darkness is not equal to one" Little is known 
about how tropical deer regulate their antler cycle. 
The influence of the gonads, castration, the pituitary 
gland, androgens and other steroids on antler growth are 
discussed" It is suggested that at .least one of the 
gonadotrophins is released in spring and this initiates 
antler growth and in the process the gonads are react-
ivated o Testosterone brings about the hardening of the 
~rowing antlerJ by internal ossificationu leading to 
cessation of growth, shedding of velvet and the advent 
of the mating season, 
The influence of nutrition and bodyweight are important 
in regulating the size of antlerso Larger and well fed 
deer grow heavier antlers than smaller and poorly fed 
deer. 
* * '* 
INTRGDUCTION 
Antlers are bony pro-C.uberan:::e.s s.:c:j_:s:lng fr'.)m the skull of most members of 
the deer family (Cervidae). Antlers are :ceBtricted to deer and usually to the 
male of the species, Antle1~;;, gro'~ i:c:. :pairs, U3Ually s.n.nually and a:ce 
structurally distinct f:rrym ho:rns" (·Mc:ds1l l969). While growing, they are 
covered with a soft hairy skin called. 1vel-vet' and have a profuse supply of 
blood vessels. Once antle:r growth is completed, the skin dies and is shed, 
leaving behind dead bone whi-.:h is the antler, After a certain period of 
time the antlers are cast and the process is :cepeatedo 
The growth of antlers is one .:.;f ·r:O.e most remaTkable examples of bone 
formation known to science. ·rhey are the only examp:e of a complex mammalian 
organ that can wholly regc:nerate (Gess 1970). 'rhey provide an accessible 
tissue where skin, cartilage~ bone, ne::"-,;-2 and blood vessels can be :readily 
studied as they differentiate and grew at a :phenomenal rate, 
Antlers are an outstanding ec:on~:::m:Lc asse-c for· tourism, sport shooting 
and farm production" However, they S.:;'.'e also weapons which are hazardous to 
man, deer and trees" They are alsc s. serious drain on mineral metabolism, 
.220, 
and can be unwieldy and sometimes a fly-ridden burden. to the stag. The growing 
antlers (velvet antler) of. several species o:f deer.are reputed by the Chinese 
to have medicinal properties. Prepared antler products sell for up to $6000 
per kg in Hong Kong. Deer have been specially bred for this purpose in Russia. 
Recent research (Han 1970; Song. 1970) has reputed to show that antlers possess 
beneficial pharmacological properties when administered to rats and rabbits. 
This is an area of research which clearly needs ~urther investigation 
Studies have been made of antler growth for many years. Aristotle recorded 
the effects of castration on antler growth two thousand years ago. 
In recent years a number of excellent reviews have appeared (Goss 1970; 
Chapman 1975) reflecting our increasing knowledge of the factors infuencing 
antler growth. Our knowledge of the structure, physiology and function of 
antlers is based on studies of only a few of the forty-one living species of 
deer of which Fallow deer(Dama dama), Moose (Alces alces), Mule deer (Odocoileus 
hemionus), Red deer (Cervus elaphus), Reindeer (Rangifer tarandus),Roe deer 
(Capreolus capreolus), Sika deer (Cervus nippon), Wapiti (Cervus canadensis) 
and White-tailed deer (Odocoileus virginianus) have been most studied (Chapman 
1975). 
Only Musk deer (Moschus moschif erus) and the Chinese water-deer (Hydropotes 
inermis) do not develop antlers. They have, however, evolved tusks (Modell 
1969) . Antlers are usually carried only be males except with Reindeer where 
both sexes carry antlers. Sometimes, in other species female deer occasionally 
carry antlers and male deer may be antlerless but these must be regarded as 
abnormal. 
DEVELOPMENT OF ANTLERS 
Pedicles 
In order to develop antlers deer must first grow the bony column or 
pedicle on the forehead from which the antlers develop. At birth it is possible 
to predict where the antlers are going to develop from the presence of small 
but palpable bumps on either side of the skull above and behind the eyes 
(Bubenik 1966). However, there is some dispute about their appearance during 
gestation. In most species the pedicles develop. during the first year of life 
but under adverse conditions growth may be delayed until the second year. 
The pedicles are not present in the female and thus antlers are secondary 
sexual characteristics. Throughout growth the pedicles are covered with long, 
coarse hairs, similar to hair on other parts of the body. 
The antler proper and the pedicle differ in structure, origin and phys-
iology. The pedicle is a permanent fixture which increases in diameter but 
decreases in length with age. This appears to be an annual event because 
concentric layers of bone are deposited and these layers have been used as a 
basis for determining the age of Reindeer (Banfield 1960). 
·rhe frontal bones of deer and the pedicles, which are really extensions of 
these bones, are composed largely of spongy or trabecular bone (Chapman 1975). 
Although the pedicle is composed of both skin and bone, experimental evidence 
has shown that the bony component is more important for its histogenesis 
(Goss et al 1964; Hartwig 1967, 1968 a,b). If the bony protuberance of a fawn 
is surgically removed from the skull, then no pedicle develops. If just the 
skin is excised, then the wound heals and the pedicle develops as usual. If 
the part of the frontal bone from which the pedicle is destined to develop is 
transplanted underneath the skin elsewhere on the skull, then a pedicle will 
develop at that site instead of in its normal position. There is little doubt 
that the tissues from which the pedicle develops reside in the appropriate 
.22l. 
region of the frontal bone, or in the periosteurn thereof. 
Physiologically pedicles and antlers differ in their responses to sex 
hormone (Goss 1970). If a fawn is castrated before the pedicles have begun to 
grow, it is normally incapable of developing either pedicles or antlers. If 
testosterone is carefully administered,.pedicles will develop. Similarly the 
administration of testosterone to female deer results in the growth of 
pedicles. If oestrogen is injected into male. fawns the development of the 
pedicles is prevented (Goss, Severinghaus & Free l964). 
It has been concluded from these experiments that testosterone is 
necessary for initiation and development of the pedicle (Bubenik l966; Goss et 
al 1964). However, this suggests that the young deer must be producing test-
osterone well before puberty and at a time when in mature deer (such as Red 
deer) the testosterone levels are declining or are very low. Does the immature 
deer produce a short burst of testosterone as suggested by Bubenik (l966) or 
does its testes secrete low levels of testosterone well before puberty 
?(Chapman 1975) . 
It would appear that in Red deer.pedicle development is related to 
androgenesis (at about 9 months of age in Scotland) rather than spermatogen-
esis (Lincoln l971). However, well fed deer may develop pedicles at 3 months 
of age whereas under severe conditions pedicles may not develop until 2-3 years 
of age. In Fallow deer pedicle growth begins any time from 4~ - 9 months of 
age. The beginning of pedicle growth corresponds with an increase in the 
weight of the testes, associated with the beginning of testosterone secretion. 
The pedicle is fully formed by the animals first birthday and the growth of 
antlers follows immediately (Chaplin & White 1969, 70 & 72). 
Any explanation of pedicle development must also account for the fact that 
in Red deer growth can occur under conditions of both decreasing and increasing 
day length, depending on whether the pedicles develop at 3 or 9 months of age. 
Sika deer calves produce pedicles under a constant regime of l2 hr. light/dark 
periods (Goss 1969b). 
Antlers 
According to Noback & Modell (1930), Buffon (l756) believed that since 
antlers grew like a tree they must be made of wood. Ever since then the French 
word for antler has been "bois". However, Cuvier (l8l7) established that 
antlers were composed of bone, the view still held today. 
Once the pedicles have developed, antler growth can commence; Antlers grow 
from the tips, so that these areas are composed of the youngest tissues and 
those at the base the oldest. Bruhin (1953-54) inserted a metal screw 3,5 cm 
from the base of a growing Fallow deer antler and l.5 cm from the tip. Eleven 
days later the screw was still 3,5 cm from the base, but 5,5 cm from the tip. 
Growth at the tip was confirmed by an injection of radioactive phosphorus 
( 32P) into Fallow, Red and Roe deer. The antlers exhibited a gradient of 
phosphorus deposition which was greatest in the growing areas and declined 
towards the base (Bernhard & Brubacher l952; Bernhard et al l953; Rerabek & 
Bubenik 1956, 1963). 
Below the growing antler tip is a thick mass of undifferentiated cells, 
further down they begin to form cartilage and finally they form bone. Once 
antlers have grown to their full size they continue developing internally for 
another month or so before dying. The mature dead antler is composed of a 
thick outer layer of hard compact bone surrounding a cone of spongy bone. 
Deletion experiments have shown (Bubenik, Pavlansky & Rerabek 1956) that 
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TIC)t only the pedicle bone but also considerable parts of the underlying skull 
-:.;an be surgically removed without preventing the subsequent development of 
antlers. Almost by default, these results suggest that it may be the pedicle 
skin itself from which the tissues of the antler are originally derived. 
Attempts to prove this experimentally, however, are difficult to carry out 
because whenever the pedicle skin is removed it is replaced by new dermal and 
epidermal tissues which heal mrer the wound and then give rise to the ant' er 
(Goss 1961). Histologic evidence strongly favours the dermis of the 
pedicle skin as the source of antler-tissues (Wislocki l942; Wislocki & Waldo 
1953). The degree of interference during these operations appears to affect 
subsequent antler growth. Often, following pedicle operations, growth of the 
antler has not been observed until the second year. 
Those interested in further detail on antler bone structure, histology 
and differentiation are referred to Goss (l970) and Chapman (l975). 
Antlers increase in size and in the number of tines or points they bear 
as stags mature. In Red deer full development is reached at five to eight 
years of age. Generally Red deer grow single spikes in their first year and 
produce heads with four to eight points in the next year (Blaxter et aZ l974). 
At first, antler growth is slow but it accelerates rapidly and .slows 
again as final dimensions are approached. The maximum rate of growth that 
is obtained varies with the species and size of the deer. Moose have grown 
antlers 129.5 cm long at a maximum rate of growth of 2.75 cm/day while 
Fallow and Sika have grown antlers 64 cm and 42 cm long at rates of 0.68 cm/d 
and Oo37 cm/d respectively (Goss 1970). The larger the antlers the faster 
they grow. All kinds of deer remain in velvet for approximately equivalent 
periods of time - usually about 4-5 months. 
Deer with three antlers have been reported as occurring naturally in 
Red deer (MacNally 1959), Sika deer (Holdingl901) and in other species. This 
situation may have been brought about by severe injury to the pedicles or 
frontal bones. 
Further information on antler growth is provided under Nutrition. (See 
below). 
The chemical composition and physical properties of antlersdEIJend on the 
stage of antler development, portion of antler sampled and species of deer. 
Sampling is difficult becaUBe of the porous structure of the antler. Table l 
indicates typical values obtained for various species of deer. Nutrition has 
a marked effect on size and specific gravity of antlers. All the values for 
antler composition are very similar to those found in skeletal bone of deer 
and domestic ungulates and reinforces the view that hard mature antlers are 
composed of bone. The mean calcium/phosphorus ratio of deer antlers reported 
by Bernard (1963) was 2.09 with the range from l.98 to 2.17. Antlers contain 
many trace elements and have been used as an indication of levels of radio-
a:;ti ve fallout during the period of antler growth. This assumption is 
probably invalid because there is movement of strontium from the skeleton to 
the growing antlers. There is, however, a clear correlation between the 
pattern of accumulation of 90sr in antlers and the emission of fission 
products from nuclear explosions in the atmosphere (Schultz l965; Gelbke 1972). 
A pair of Scottish Red deer antlers collected in 1952 were found to contain 
11.2 p Ci of radioactive strontium (8 9sr and 90sr) and possibly traces of other 
alkaline earths and he~vy metals per gram of calciwn, whereas the level in 
antlers collected in 1957 from the same area contained 126 p Ci/g calcium of 
which 80 p Ci/g calcium were attributed to 90sr (Hawthorn & Duckworth 1958). 
The Velvet .223. 
The growing antlers of all deer are covered with skin and soft hair 
and this together with the underlying tissue is called velvet. The velvet, 
which is-an extension of the normal skin of the head, dies and is shed when 
the antler is fully mature. Sweat glands are not present in the velvet of 
White-tailed deer but they have been reported in the velvet of Red, Fallow 
and Roe deer. The growing antlers develop. hair follicles de novo (Billingham, 
Marigold & Silvers 1959). This rarely happens in adult mammalian skin, even 
in wound healing. Yet the growing tip of an antler constantly differentiates 
new hair follicles, complete with sebaceous glands. 
The blood supply of the pedicles is derived from the internal vascular 
supply of the frontal bones. In the early stages of antler growth of Sika and 
White-tailed deer, ligation of the velvet does not affect growth because there 
is an appreciable internal supply and drainage of blood via the pedicle. As 
the antler matures and the base ossifies the importance of internal vessels 
diminishes and ligation of the velvet results in death of the antler. 
The flow of blood through the velvet is probably both copious and rapid 
judging from the warmth o~ the growing antler tips. However, damage to these 
tips results in negligible loss of blood. The principal arteries possess 
relatively small lumena and very thick walls of interwoven muscular and 
elastic fibres. This structure enables the arteries to constrict instantly 
in response to mechanical damage and may prevent blood loss when the velvet is 
shed (Waldo, Wislocki & Fawcett 1949; Wislocki 1942; Wislocki & Singer 1946), 
When the antler is fully formed and ossification is complete, the blood 
vessels constrict and the skin dries. The deer begins rubbing them on plants. 
This rubbing quickly aids desiccation of the skin and also serves to clean 
the antler. The antler is usually free of skin tatters in a day or so. 
Cuvier (1817) thought that the growth of the antler stretched the velvet and 
occluded the blood vessels but we now accept that it is the development of the 
antler bone which constricts the blood vessels. 
Nerves were demonstrated l'tistologically in the vascular layer of the 
velvet of White-tailed deer by Wislocki & Singer (1946). Denervation of one 
antler of a pair caused it to become stunted and deformed. This was probably 
caused by repeated injury. Subsequent shedding of velvet and casting of both 
antlers occurred naturally. 
Casting 
The possession of dead structures the size of antlers, attached to the 
head, presents certain problems. As there is no physiologic possibility for 
the resorption of non-vascularised appendages on the body, the only way to 
get rid of the old antlers is to cast them (Waldo & Wislocki 1951). This is 
achieved by the localized erosion of bone at the antler/pedicle junction. 
Numerous osteoclasts simultaneously destroy a narrow zone of bone until all 
that is needed to effect detachment is the weight of the antler. This process 
is very fast, as there are several reports of deer whose antlers resisted 
mechanical forces one day and which were cast the next day (Goss 1970). 
Following casting a wound is left on the pedicle. This rapidly heals and 
instead of forming a thick pad of scar tissue a rounded antler bud grows. It 
is impossible to tell where wound healing leaves off and antler regeneration 
begins. The antler growth cycle then recommences. 
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FACTORS AFFECTING THE ANTLER CYCLE 
In the following discussion many of.the factors affecting the antler 
growth cycle are covered. However, it should be remembered that all these 
factors are interrelated and our knowledge of many of them is limited and 
often confused. The antler cycle of many species of deer has not been ade-
quately described from field observations let alone under controlled conditions. 
This does not mean that the studies of nine or so species of deer are not 
applL-;able to the other 32 species, but rather ~hat the studies have not been 
shown to be true for all species of deer. 
A. Light and Photoperiod 
Experiments on deer held in artificial light environments have proved 
beyond doubt that it is change.of day length during the course of' a year which 
serves to time the antler cycle (Goss 1969 a, b; Jaczewski l954). 
Goss (1969 a, b) using Japanese Sika deer showed that when a normal 
annual light cycle was imposed six months out of phase, the deer in due course 
adapted their cycle to the new calendar. Since this change went contrary to 
the temperature cycle, it showed that the antler cycle did adjust to changes 
in the seasonal light cycle and not to temperature. In a second experiment, 
the light cycle was speeded up two, three and four times to mimic in one 
actual calendar year the events of two, three or four years. After a period 
of adjustment the deer became more or less adapted to the new timetable. 
With a two-fold increase the deer usually grew two sets of antlers in the year, 
cne in each artificial year cycle. The shortened growing season did not speed 
up the rate of antler growth, but led to the antlers being only partially 
formed. When the rate was increased to three seasons per year, three sets 
were grown but they were even smaller than on the two season year. When 
increased to four seasons per year, the deer first of all went through a cycle 
in each of the first two seasons, but in the third, growth was minimal and in 
the fourth there was no growth. In the fifth cycle antlers grew again. Finally 
the deer were subjected to a run of' two month years. The deer which had been. 
newly brought in for the experiment followed the normal annual cycle of the 
natural environment and ignored the rapidly changing light regime of their 
new home. 
When, however, the year was lengthened to twenty-four months, yearling 
animals adapted to the artificial cycle and produced antlers every two cal-
endar years, the antlers stayed in velvet longer but did not grow any bigger 
than normal. The adult deer, however, continued to grow antlers about every 
twelve months, irrespective of' the prevailing light conditions. 
By comparing light cycles of various frequencies so that their vernal 
equinoxes are aligned {see figure l) it can be seen that the antlers are Shed 
earlier or later in the light cycle according to how much the frequency is 
decreased or increased respectively (Goss l969a). I~ is apparent that the 
interval to commencement of antler growth in absolute terms is about seven 
weeks after the equinox at least in the normal and accelerated cycles. This 
shifts the period of antler growth to increasingly later phases of the light 
cycle until it occupies almost the opposite portion of the curve. In the 'year' 
lasting only three months, the antler growth period does not begin until it 
would have ended under natural conditions. At this point the capacity to grow 
antlers becomes so out of step with the light cycle that it is phased out of 
existence altogether. In the 24 month cycle only about five weeks elapse 
between the verna; equinox and the onset of antler regeneration. The eventual 
extinction of the antler cycle might be expected in the case of longer years. 
It would appear that the limit of a deer's ability to grow antlers is 
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VERNAL 
EQUINOX 
Figure 1. Light cycles of various frequencies 
have been aligned with their vernal 
equinoxes in register (solid vertical 
line). The average interval (ca 7 weeks) 
after this date when antlers are shed 
is indicated by the broken vertical line. 
Antler growth is indicated by the hatching. 
(From Goss 1969a) -
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approached, if not reached when the light cycle is shortened to only three 
months (Goss 1969 a). If these results are examined another way it becomes 
more apparent why three month growth cycles are the limit of antler growth. 
If the year of the deer is divided into when the antlers are growing and when 
they are not, then two interesting trends are revealed. (See figure 2). One 
is that the duration of time between successive rounds of antler regeneration 
is directly proportional to the length of the annual light cycle. The other 
is that the period in velvet is not. The growth phase appears to reach a 
minimum of about two months. At the same time the non-~rowing phase shortens. 
The inevitable consequence is that the fraction of the light cycle spent in 
velvet exceeds the length of the intervening period. Normally it is about 
half as long (4 months compared to 8 months). Thus the nearly irreducible 
length of the growth period is a limiting factor in determining how frequent-
ly a deer can replace his antlers (Goss 1969 a). 
It has been suggested that the underlying control mechanism of the 
antler cycle is an internal clock that is firmly locked on to the normal 
annual season, and while this can be made to run faster, it cannot be 
slowed down to anything like the same extent. The difference in response 
to the slowing down experiments between yearling and adult animals suggests 
that the programme for this internal clock becomes fixed only after completion 
of the first antler cycle (Goss & Rosen 1973). 
Presumably deer become entrained to the natural photoperiod at puberty 
and become less responsive to certain artificial lighting conditions. See 
figure 3 for illustrations of some of these growth cycles. 
In the Sika deer the speed of the clock has been set to correspond with 
the annual photoperiod, so that the life cycle is fixed to coincide with the 
environmental year. The interesting question is to what extent is this now 
fixed. Given an aseasonal environment or a different light regime, what 
would happen? Further experiments were done to find this out. In the previous 
series the amplitude of the cycle was that of 42° North defined by the Winter 
Solstice light/dark value of 9/15 hours. The first experiment set out to 
determine just how little a difference between the length of day and night was 
reacted to by the deer. By varying the length of daylight in an accelerated 
year, it was established that the deer were responsive to a difference of as 
little as one hour between day and night lengths (ll~/12~) compJll'ed to the 
equal day/night 12/12 of the equator. This former figure corresponds roughly 
to latitude 9°. Abrupt bimonthly changes in daylength (91/l5D to 15L/9D) as 
opposed to gradual changes alsc induced antler growth (Goss 1969 a). 
It might be expected that if su(;h fluctuations in day length were abol-
ished altogether, then the antler growth cycle might be abolished, This was 
found to be. the case when deer were held under artificial equatorial lighting 
conditions in which the days and nights were of equal length. Such an 
artificial environment, consisting of 12 hours of light alternating with 12 
hours of darkness for a period of several years, effectively turned off what-
ever physiologic factors are normally responsible for the initiation of 
antler development. Deer maintained under these artificial circumstances 
behaved as if they were in an endless mating season. Their antlers persisted 
in the hard bony state without being replaced until the animals were returned 
to the outdoors. 
Fawns born into this environment grew their first set of antlers but 
never cast them. Yearling and adult animals which had already experienced the 
environmental triggers before int:roduction, completed the appropriate part of 
their cycle but thereafter never replaced their antlers normally. Some 
eventually lost them but the pedicle bones remained exposed and unhealed 
indefinitely. Thus, an equal length of day and night suppressed the antler 
........ 
600 
Cl) 
>, 
~ 500 "O 
-
LI.I 
V) 400 ct: 
:c 
0.. 
0:: 300 LI.I 
-l 
r-
z: 200 ct: 
LI-
0 
z: 100 
0 
1-4 
~ 
::::> 
0 
----
3 4 6 
.221. 
antlers bony 
,,,. ... 
----
.... ----- -
...... --- in velvet 
12 
LENGTH OF ANNUAL LIGHT CYCLE (months) 
24 
Figure 2. Effect of the length of a 
light cycle on the duration 
of the antler cycle. (From 
Goss 1969a) · 
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Figure 3. Influence of annual photoperiod on antler 
growth cycles. Arrows indicate beginning 
of experiments. (a) Natural cycle, 
{b) Reversed cycle, {c) and (d) Constant 
and equa·1 photoperiods (12L/12D). When 
yearling deer are introduced to these 
simulated equatorial conditions in early 
fall {c), no further antlers are grown; 
when experiment is started in winter {d}, 
antlers may grow next spring, but not thereafter, 
(e) Accelerated light cycles cause.antlers to be 
grown more frequently, but the period in velvet 
is shifted to the right on the daylength curve. 
, Antlers bony; ----, antlers in v-elvet. 
-U-Fr_o_m-Goss and Rosen 1973} 
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cycle of the Sika deer. 
Three further experiments were performed involving exposure to constant 
daylengths. One group of deer was held in conditions of 8L/16D, another at 
16L/8D and the third in continuous light (24L/OD). Although animals in all 
three groups continued to replace their antlers they did not do so in unison 
and the intervals between periods in velvet were not always equal. New 
antlers were grown at irregular intervals averaging about 10 months instead of 
the 12-month cycle typical of controls (See Table 2). Contrary to the earlier 
experiments, these results suggest that antler replacement may not be 
triggered by changes in daylength. Such changes can and do serve as an 
environmental cue to which the antler growth cycle may become entrained. Yet 
in the absence of such changes, as when the photoperiods are 8, l6 or 24 hrs 
long, recurrent antler growth cycles can still be expressed. This phenomenon 
fits the definition of a circannual rhythm, for it is not eactly a year long 
and it persists in the absence of a driving oscillation. 
How, then, can one explain the absence of such circannual rhythms when 
the photoperiod is held at l21/12D? This differs from the other conditions 
of constant daylength in that the light and dark ratios each day are equal. 
The endogenous circannual rhythm of antler replacement can apparently express 
itself only when the ratio of light to darkness is not equal to one. This is 
difficult to interpret but one might predict that if deer native to the 
temperate zone were moved to the equator they would cease to replace their 
antlers, and, presumably, they would remain permanently fertile (Goss & Rosen 
1973). 
The influence of environmental regulation of the antler cycle in temperate 
deer is well established by these ex_periments. These observations were 
confirmed by observations of Red deer, Fallow deer, Moose, Wapiti and White-
tailed deer which were transported from the Northern Hemisphere across the 
equator to New Zealand. These deer, in due course, adjusted that antler 
cycle to the seasons of their new home (Donne 1924; Marshall 1937; Wodzicki 
1950). 
The question now arises as to how do tropical deer measure the 12 month 
intervals which characterise their antler cycles? In the tropics deer tend 
to grow their antlers asynchronously (animals out of phase with each other) 
although certain months are characterised by greater frequencies of antler 
growth. If there is an annually recurrent environmental cue, it must be 
different for each animal. It must also exist at non-equatorial latitudes, 
for tropical species living in temperate zone' zoos persist in their yearly 
but unsynchronised antler cycles. 
Bubenik & Pavlansky (1956, 1959) have put forward the theory of "Centres 
of Antler Growth" (Zentren der Geweihtrophik or Z.G.T.). In this theory, 
the most intense response to a stimulus is observed not in the cycle during 
which the stimulus occurred but during the following cycle. This theory is 
largely unsubstantiated but might offer us a direction. for further study. 
The Pineal Gland 
Investigations of the relation between the pineal gland, the gonads and 
light suggest that the pineal gland can act as a mediator of light-induced 
reproductive changes in several species of mammals (Reiter 1978). The pineal 
gland could be the link between understanding the photoperiod control of the 
antler cycle and the deer's endocrine system. Mazur (1973) pinealectomized 
a male deer and altered the antler and velvet shedding cycles. His results 
were varied and inconclusive according to Brown, Cowan & Kavanaugh (1978). 
They pinealectomized three mature male white-tailed deer and housed them 
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with four normal bucks. Both groups followed the same pattern of bodyweight 
Although the dry matter intake of ablated bucks 
normal bucks (l405 g per day compared with l5l0g/d) 
liveweight basis no difference was observed. 
change and feed consumption. 
was significantly lower than 
when compared on a metabolic 
Serum androgens were lower in the ablated deer (see figure 4) but followed 
the same seasonal pattern as the intact deer. The pinealectomised bucks shed 
their velvet later and cast their antlers earlier than the control deer. 
A pair of twin -bucks raised in normal daylight until :r'.l"inealectomised and 
sham operated, exhibited more striking differences. The former buck .hed 
its antlers 5 months later than normal. The authors suggest that the pineal 
gland functions in the organization of the first antler sexual and feeding 
cycle of young deer and then only slighly modifies these cycles in mature 
deer. Further evidence on the role of the pineal gland in the antler cycle 
is required. 
Of particular interest to the present discussion are elk blinded by 
parasitic nematode infections (EZaeophora schneideri)which cause lesions in the 
eyes, optic nerves and brain. It was noted that two such animals have shed 
and regenerated their antlers at the appropriate time each year, one for 
three years in a row, and the other for at least six. The regularity with 
which their antler cycles have persisted under sightless conditionso suggests 
that light is being perceived by extraocular receptors (Adcock et al 1965; 
Daves 1968) . 
Experiments on laboratory rodents suggest that daylength may affect 
gonadal and pituitary activity by modifying the pineal secretion of melatonin 
(Wurtman & Axelrod 1965). It has been established that this substance, prod-
duced in the absence of illumination, inhibits gonadotrophin secretion, thereby 
causing a decline in the production of sex hormones. This, however, applies 
to animals which normally tend to be long-day breeders and since ungulates are 
short-day breeders, there are obvious problems of extrapolation between these 
two t:fpes of animals. 
Studies by Rust & Meyer (1969) on weasels have shown that if melatonin 
(embedded in beeswax) is implanted subcutaneously in the spring, the animal 
reacts as if it were autumn. The gonads remain small and inactive, and the 
coat retains or reverts to its winter colour and __ co:n..._qition. If the same applies 
to deer, treatment with melatonin in the fall should induce 'spring-like' 
reactions, e.g. loss and re-growth of antlers, testicular atrophy and spring 
moult. 
Goss & Rosen (1973) implanted five Sika deer subcutaneously, once weekly, 
on either side of the back with grade4 doses of melatonin. Treatment was 
stopped after 6 weeks with doses totalling 600 to 2100 mg. A control deer 
received implantations of 500 mg beeswax alone. Two other deer received 
injections of 100 mg of melatonin in sesame oil three times a week for 6 weeks 
(total dose= l.7 g) in December, and one other received the same treatment in 
July. No effect was observed. The bony antlers were retained until the 
following spring when they were shed and new antlers were grown normally. 
Such negative results as these can be interpreted in several ways, 
assuming the mode of administration to be effective. Either melatonin does 
not suppress gonadal activity in deer or it is secreted by the pineal during 
daylight rather than in darkness. The pineal may not even be involved in 
photo-periodic responses in these animals. 
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ENDOCRINOLOGICAL FACTORS 
We have seen that changes in daylength. have a marked effect on the antler 
cycle. The pineal gland has been implicated as the link between the photo-
period changes and the actual antler cycle,.via. changes in serum androgen 
levels. This evidence is by no means conclusive and much more remains to be 
explained. 
However, a considerable amount of evidence has been accumulated showing 
the effects of various steroids upon the.antler cycle of deer. It should be 
remembered that the presence of a particular hormone in the blood does not 
mean it is having effect. Only target organs with receptive cells will 
respond to the presence of a particular hormone. We have much to learn about 
the changes in receptivity of target organs. 
The gonads and androgens 
Aristotle wrote over 2000 years. ago "If stags be mutilated when, by 
reason of their age, they have as yet no horns, they never grow horns at all; 
if they be mutilated when they have horns, the horns remain unchanged in size 
and the animal does not lose them". What Aristotle knew was confirmed by 
other biologists centuries later, in Fallow and Red deer (Zawadowsky 1926), 
Roe deer (Blauel 1935), Sika deer. (Goss 1963), White,...tailed deer and Wapiti 
(Caton 1877). As we have discussed earlier, testosterone is required for the 
development of the pedicles in young deer. Once the pedicles are formed, 
antler growth can commence. 
Testosterone brings about the hardening of the growing antler by internal 
ossification, leading to cessation of growth, shedding of velvet and the 
advent of the mating season (Goss l96l, 1968). 
As testosterone normally inhibits antler growth, as it promotes matur-
ation, so castration interrupts. an important.link in the negative feedback 
loop of the antler cycle. Consequently antler growth is not inhibited by the 
absence of the testes, but rather goes on to excess. In the autumn or ·winter 
when the deer has dead bony antlers, castration induces premature casting and 
brings about the growth of new antlers at the wrong time of year. These 
antlers are unable to undergo the final. stages of maturation that normally 
lead to the shedding of the velvet. They remain permanently viable and 
capable of renewed growth during the appropriate seasons of successding years. 
This leads to the development of extraordinarily overgrown, often grotesque 
antlers or ":perukes". Injection. of testosterone or oestrogen will bring about 
their maturation and eventual shedding (Blauel 1935, 1936; Goss 1963). 
Either oestrogen or testosterone will inhibit casting of the old antlers 
and regeneration of the new ones if administered early enough in spring. Like-
wise either of these hormones will bring about premature arrest in growth if 
given during late spring or sUllilller and will cause ossifica~ion of antlers and 
shedding of velvet (Goss 1968). 
There is much more evidence besides the castration experiments to show 
that it is the lower level of testosterone which causes casting and regener-
ation of antlers. Many studies, with a variety of species, have studied serum 
androgen levels, spermatogenesis and testicular development and found a close 
relationship with the antler cycle (Red deer - Lincoln 1971; Fallow and Sika 
deer - Chapman 1970; White-tailed deer - Wislocki 1943; Mc Million et aZ 1974; 
Black-tailed deer - Mirarchi et aZ l975). 
Chapman & Chapman (1970) shot a large number of wild Fallow deer in England. 
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The weights of testis and epididymides reached a maximum in late autumn at 
the time of the rut and fell to an appreciably lower value in the spring and 
summer when sexual activity was minimal. The testes increased nearly three fold 
(l6-56g) whereas the epididymides. nearly doubled their weights (5-llg), The 
velvet was shed in late summer when testicular activity was increasing and the 
antlers were shed in late spring when testicular activity was minimal, 
Lincoln (1971) has measured testicular testosterone levels in Red deer 
(Figure 5). Again the high correlation between antler development and test-
osterone can be seen ~ low levels at antler casting and regeneration and high 
levels at antler hardening. 
Blaxter at al (l974) have also pro~,rided evidence of the link between 
photoperiod and testicular development, antler growth and food intake, with 
Red deer houser in controlled environments (See. Figure 6) . Normal annual temp-
erature changes were reduced but not eliminated. The stags were offered ad 
Zibitwn a cereal-based concentrate diet pl·us l0% dried grass, The stags began 
to grow antlers precociously in December and subsequently showed cycles of 
antler casting, growth and velvet shedding, of testis size and plasma testost-
erone concentration and of rutting behaviour which have followed a clear-cut 
6-month :period. Appetite also varied in a marked manner, falling abruptly at 
the time of the rut and not recovering again until the next :phase of antler 
growth, with consequent effects on bodyweight. 
It is apparent that serum testosterone rises at a time in which the 
animals are known to be feeding intensely and-gaining weight, However, the 
rise is maintained through the rutting season, a period of reduced food intake 
for stags, In addition, these studies. and those of Goss (l969a) showed that 
deer went through a normal antler cycle when kept on controlled diets, suggest-
ing that the annual testosterone rhythm is independent of nutrition when the 
animals are on an adequate diet, 
The antlers of castrated male deer do not develop their customary shape 
or size (Lincoln 1971) and so some testosterone appears to be necessary if the 
antlers are to develop to this shape. A Red deer that was castrated but in 
which the epididymides were left intact, grew more perfect antlers than did 
five other deer that were completely castrated. It seems that the epididymides 
of Red deer may be capable of sece'.'eting small amounts o:f androgens and that 
this level is sufficient to affect antler growth (Lincoln l975), 
It is :possible that some other hormone, secreted in reciprocal relation to 
testosterone, might act as a stimulus to antler regeneration, and, perhaps 
may maintain growth until such time as rising levels of testosterone again 
depress its output, The existence of such a hormone is hypothetical but the 
annual increments of growth in the antlers of castrated deer suggest that test-
osterone is not the only agent involved (Goss & Rosen 1973). Indeed, Markwald, 
David & Kainer (l97l) have reported evidence that gonadotrophin secretion is 
correlated with antler growth in the mule deer, 
Pituitary Gland 
So far we have seen that the exogenous :photoperiod regulates the changes in 
testosterone output, As testicular activity is controlled by the anterior 
pituitary, this gland has also become embroiled in the study of antler growth, 
In 1943 Wislocki reported on antler growth in relation to testosterone 
secretion. He :postulated that the initial growth of the antlers was unrelated 
to gonadal growth and was under the control· of some other factor, :probably a 
:pituitary hormone, Wislocki et al (1947) :postulated further that the male 
counterpart of the lactogenic hormone (prolactin) might be the antler growth 
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stimulating hormone. Tachezy (l956} thought that antler shedding and.regrowth 
might be controllea by a comm.on stimulus possibly the gonadotrophins. However, 
Bubenik (l966) proposed that growth hormone and not prolactin stimulated antler 
growth. 
Lincoln (l97l) found that the pituitary gland o:f Red deer showed a large 
increase in size during the period o~ antler growth. It ·is obvious that the 
pituitary is involved in some aspects of the a.ntleT growth cycle. Increase in 
size of the pituitary does not necessarily indicate hormone secretion, although 
since testicular activity in Red deer recommences at the.time of peak pituit-
·ary weight, it s~ests that the gland is secreting gonadotrophins. 
The effect bf hypophysectomy. (removal of the.pituitary gland) on antler 
growth in mature deer has not been studied. ··However, Hall et aZ (1966) did 
report on the effect of hypophysectomy ina 4-month-old f'awn. Following the 
operation the animal did not develop antlers and the addition of' androgens did 
not stimulate antler growth. The authtrrs also attempted to stimulate antler 
growth with small injections o:f bovi'.r\e growth hormones but were, predictably, 
unsuccessful. However, lack of pedicle growth may.have inhibited antler 
development, although androgen administration should have allowed the pedicles 
to develop. 
As castrates grow antlers and hypophysectomized deer do not it would appear 
that the pituitary gland directly controls antler .growth. 
Luteinizing hormone (LH) stimulates adrogen.production by the testes, 
whereas follicle stimulating horl'ilone (FSH) stimulates spermatogenesis in the 
testis. The concentration of' LR in the pituitary of male Red deer appears to 
increase just before the rut~ but what happens during the rut is .uncertain. In 
2 years there was a dramatic fall in LH concentration but in the following year 
there was a small increase (BrUggemann & Karg 1967). The LH content would 
therefore be increasing when the velvet was shed-but would be at a low level 
when the antlers were cast and new growth initiated. A similar rise in pituit-
ary LH was found in male Roe deer although insufficient specimens were' anal-
ysed to determine whether the increased levels occurred during shedding of the 
velvet or soon afterwards (Brilggemann, Adam & Karg l965; Bruggemann & Karg 
1967), Short & Mann (1966) measured the.testicular testosterone levels of 
male Roe deer and concluded that LH secretion was high before and during the 
rut but remained low throughout the. remainder. of. the year.. If peak._.p.ituitary 
LH levels precede peak testicular testosterone levels, as appears to occur in 
Red deer~ then the findings of Short. & . Mann .(1.966) sup:pGrt those of Briiggemann 
et aZ (1965), otherwise it is difficult to relate these two sets of obser-. 
vations, Blauel (1936), however, was unable to demonstrate any effect on 
"peruke" Roe deer antlers of the administration of pituitary hormones,presum-
ably a crude mixture in 1936, Ovi.ne prolactin failed to cause development of 
pedicles or antlers in a Red deer stag which had been castrated before puberty 
(Jaczewski & Krzywinska l974). 
West & Nordan (1976) suppressed antler growth and reproduction in Columbian 
Black-tailed deer with methallibure, a non ... steroidal inhibitor of gonadotrophin 
secretion. The administration of prolactin, pregnant mares serum gonadotrophin 
(PMS), and s~me adrogenic steroids to methallibure-treated deer during June and 
July- failed to st imulat.e antler growth, but human. chorionic gonadotrophin ( HCG) 
did rejuvenate it in one insta~ce; None of these hormones was effective in 
completely re'Storing reproductive function, although PMS .and HCG :were capable 
of stimulating the production of enough testosterone to induce velvet shedding. 
This evidence would appear to disprove the hypothesis of Wislocki et aZ 
(1947) and support that of Tachezy's (1956) that the antler-growth-stimulating 
hormone is a gonadotrophin• 
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Unfortunately attempts to measure FSH and. interstitial cell-stimulating 
hormone (ICSH) on the methalli bure-treated deer were unsuccessful, However, 
it is known that methallibure suppresses the-synthesis and release of FSH and 
ICSH in other species (Parkes l963), Unfortunately, West & Nordan (1976) did 
not fully investigate the effects of FSH and ICSH on antler growth. 
It is quite apparent that information about the seasonal patterns of FSH 
and ICSH secretion woUld be an important· adjunct to further experimentation 
with exogenous hormones on antler growth. 
Other Steroids 
Injections of _human chorionic gonadotrophin (HCG) to Fallow and Red deer 
with hard antlers delays the casting of antlers. Administration of HCG 
immediately after antler casting inhibits the growth of new ones. Presumably 
the LH properties of the HCG stimulate androgen production (Jaczewski & 
Galka 1970; Jaczewski & Topinski l970; Jaczewski & Michalakowa 1974), 
Taft, Hall & Aub (1956) reported that ad:renocorticotrophin had little or 
no effect on the antlers of White-tailed deer" Injections of cortisone 
acetate (21-acetoxy-17-a-hydroxypregn-4-ene-3 ,ii;20-trione) into four castrated 
Sika deer failed to prevent casting of the antlers or to induce shedding of the 
velvet (Goss 1963), 
Thyroid hormones are essential for normal. bone development, The effect of 
thyroxin on antler growth appears to be related to the age of the animal and 
the mode of administration. Injections. of thyro:xin-to Roe deer kids, to 
yearling Fallow deer, and to yearling Reindeer.produced enhanced antler growth. 
However, oral administration of thyroxin to adult Roe deer, when growing their 
antlers, did not affect antler size (Bruhin l953-l954; Lebedinsky 1939). 
Peruke Roe deer antlers were not affected by the administration of thyroxin 
(Blauel 1936) and apparently normal antler development occurred after thyroid-
ectomy of a 2-month-old White-tailed deer (Wislocki, Aub & Waldo 1947), 
Calcitonin_~lowers the blood calcium level and inhibits bone resorption. 
The mean concentration of this hormone in the thyroid glands of make Red deer 
killed between January and early May (Northern Hemisphere time) was about 
25 mu/g fresh tissue. By the beginning of July the concentration had risen 
to around 40 mu/g at a time when new antlers were growing rapidly, but the 
level had fallen again to about 25 mu/g in late July and August. Peak levels 
of hormone (a, 52 mu/g) occurred from mid~September to early November at the 
time of the rut but had fallen to a minimum of about 7 mu/g by late Nov~nber 
and December. It has been suggested that two different mechanisms may control 
the level of calcitonin in the thyroid glands of these deer. In spring and 
early summer, the levels appear to -be related to food intake whereas in the 
rut, the level of calcitonin is influenced to a greater extent by the high 
levels of testosterone (Phillipa, Lincoln & Lawrence 1972). Calcitonin levels 
in other species of deer do net appear to have been investigated. 
,Parathormone raises the blood calcium level and stimulates bone resorption 
but this hormone does not appear to have been studied in relation to the antler 
cycle in deer. Injections of powdered ox parathyroid glands to adult Sika deer 
in the autumn had no effect or. their antlers (Goss 1963), 
The cortex of normal adrenal glands of certain species of mammal have been 
shown to secrete both androgens and oestrogens. Adrenal malfunction is also 
known to cause various abnormalities of sexuality, Therefore one might expect 
that the adrenal cortex would affect antler growth. 
Unfortunately in most of the studies of these endocrine glands in deer, 
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cnly change in weight and histological structure. have been investigated and 
no atempt has been made to measure actual hormone levels. Furthermore, 
virtually no attempt has been made to relate.the changes, if any, to the 
actual state of antler development in the specimens; only to generalized 
antler cycles (Chapman l975). 
NUTRITIONAL FACTORS 
-----------~~~~-
Adequate food and nutrition is clearly of prime importance when one 
considers that antlers weighing from several kilograms in the smaller deer to 
30 kg in Moose are grown in about four months. A large Red deer weighing 
about lBO kg may grow antlers weighing 8 kg.. The skeleton of such a deer 
would weigh about l8 kg. Thus each year the mineral equivalent equal to 45% 
the weight of the skeleton is being mobilised to form the antlers only to be 
discarded a few months later. The structure of fully formed antler is bone 
and this consists mainly of calcium and phosphorus. These minerals are 
usually present in only small amounts in forage .. It has been estimated that 
in some instances antler bone is laid down at rates two to three times those 
achieved in skeletal development during body growth (Rerabek & Bubenik l963). 
It has been well established that the period of antler growth involves 
the removal of minerals from the bones and their.synthesis and redisposition 
as part of the developing antler, under the influence of hormonal changes, 
along with minerals being derived from the diet (Meister l956; Banks et aZ 
l968 a, b; Cowan, Hartsook & Whelan l968; Brown, Cowan & Griel 1978). Thus 
deer experience a seasonal osteodystrophy comparable with osteomalacia of old 
age, 
As there must be some threshold beyond which the body cannot deplete the 
bone mineral or else spontaneous fracture would occur, it is understandable 
why the annual production· of antler by individual animals can vary. This 
mobilisation of minerals by antlered deer is not a unique feat as females 
also metabolise large amounts of minerals from both intake and skeletal 
reserves during pregnancy and lactation. 
The importance of food has been appreciated for several centuries for, 
as Twici, who was huntsman to King Edward II, remarked 'The head grows accord-
ing to the pasture, good or otherwise' (Dryden 1908). Stags on Scottish hills 
generally have much poorer heads than stags in deer parks or on the continent 
(Huxley 1931; Blaxter et aZ l974). This is attributed to overgrazing or to 
the poorer quality forage available for grazing. As Huxley ( l93l) states: 
"There would thus appear to have been a general deterioration (of stags) which 
has been much more marked in some regions than others. Some of this is presum-
ably to be accounted for genetically, through the best specimens having been 
perpetually killed by sportsman; but the rest must be due to environmental 
conditions, which might be of small importance (e.g. minor restriction of 
range) or of great importance (e.g. compulsory change of habitat from woodland 
to open moor)." 
Table 3 indicates the size of antlers grown by stags at Glensaugh, Scotland 
and by better nourished animals housed at the Rowett Research Institute, 
Aberdeen. The antlers were sawn off, when clean of velvet, 1-2 cm above the 
pedicle. Lengths and weights refer to the sawn antler after drying to constant 
weight at room temperature. It is clearly shown that the better fed animals 
at the Rowett produced heavier antlers. The antlers of the Glensaugh stags 
decreased progressively in weight during the years l972-74 to an extent which 
reflected the reduction in bodyweight. The influence of nutrition on the 
chemical composition and specific gravity of the antlers from these deer is 
also shown (See Table 1). The decline in specific gravity and caemical 
comp~sition of the antlers was attributed to an increase in stocking rate over 
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the period of the study, resulting in slower development as calves, and 
mineral deficiencies. 
The first set of antlers produced by deer are usually spikes but occasion-
ally captive deer produce branched antlers as their first set. This is 
attributed to good feeding. Recent work in Scotland (Blaxter l97l/72) has 
produced well developed antlers in Red deer calves by intensive feeding, 
The Influence of Age and Bodyweight on Antler Growth 
Huxley (l93l) has shown that there is a logaritbmic relationship between 
antler weight and bodyweight in mature Red deer. From measurements of 527 
European Red deer the following allometric relationship was found: 
l.6 
y = 0.00162 x 
c 
where y = antler weight (kg) 
x = clean (eviscerated) bodyweight (kg) 
c 
Thus, in Huxley's population of Red deer the estimate of the antler 
growth coef~icient was l.6. (That is, l.6 is the ratio of the specific 
growth rates of antlers compared to clean bodyweight; Huxley 1931, Tulloh 
1963). Other species of deer exhibit different allometric growth curves 
(Gould l974), 
It can be seen from this equation that as. clean bodyweight increases so 
antler weight increases. Heavier deer produce heavier antlers. Antler weight 
when expressed as a percentage of bodyweight increased from 2.2% at 60-80 kg 
to 4.2% at 200-220 kg and declined to 3.3% for a 240-280 kg stag. Further 
work on this subject has been undertaken in Scotland (Hyvarinen,Kay & Hamilton 
1977). Figure 7 compares their results with those of Huxleys (l93l). 
It can be seen that the slopes of the lines, the 'growth coefficients', are 
very similar, but the relative antler weights differ greatly. The scottish 
work found a significant age effect, where 3 and 4~year-old stags had relatively 
heavier antlers than 2-year-old stags. Thus it seems that the mechanisms det-
ermining relative antler size in mature and young animals differ. Only a small 
part of the difference between Huxley's and the Scottish worker's results can 
be explained by harvesting and drying techn~ques, the rest remains unexplained. 
Huxley (1926) measured the weights of antlers and the age of over 210 Red 
d~er. Figure 8 illustrates his findings. As the animals aged,antlers 
increased in weight at a decreasing rate, until at about l2 years of age 
antler weights began declining. Similarly Doderlein (1927) found that an 
individual Red deer antlers increased in weight from the first set (0,25 kg) 
until the fourteenth set (6.7 kg) and then declined in weight until the twenty-
first set (2.6 kg). This relationship presumably closely follows the change 
in bodyweight as stags grow older. 
Feeding Trials 
In 1941 Drummond et al reported that a considerable improvement in antler 
size of Red deer, Reindeer, Roe and Wapiti was observed when sesame cake, oats, 
potatoes and turnips were added to the animals' rations. This improvement 
was attributed to the high calcium content of the sesame cake. No evidence was 
found of either androgenic or gonadotrophic substances in the sesame cake. 
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Taft, Hall & Aub (1956) found that a two-year~old White-tailed deer fed 
a 2g supplement of calcium phosphate each day, grew larger antlers than older 
animals. 
French et aZ (1955, 1956) also undertook feeding trials with White-tailed 
deer. They found that stags had a good appetite and normal antler growth when 
given a basal diet with Ca and.P (g/kg air dry weight; 6.4Ca, 5.6P). However 
appetite and antler growth were poor when an unsupplemented diet was given 
(g/kg adw. 0.8 Ca, 2.6 P). Interestingly, restriction of the supplemented 
diet to approximately the voluntary intake of the deficient diet led to a 
similar reduction in appetite and antler growth. Thus no evidence was found 
to indicate that deficiency or imbalance of Ca and P influenced antler 
growth other than by reducing appetite. 
They also found that restriction of food in the winter months did not 
appear to affect antler size, provided food was plentiful when the antlers 
were actually growing in the late spring and sunnner. They also concluded 
that body growth took precedence over antler development in young growing 
deer. (An observation which is in agreement with the claim of Hyvarinen, Kay 
& Hamilton 1977 that the mechanisms of relative antler growth differ between 
young and older stags). French et aZ · (1956) suggest feeding diets of at least 
0.09% Ca, 0.25% P and 13-16% crude protein to stags. However, because of the 
small number of animals used and the wide variation in results, this evidence 
must be regarded with caution. 
Restrictions on food intake m~y affect the timing of various phases of the 
antler cycle. Red deer in poor condition cast their antlers later than 
animals in good condition. If the antlers mature at the same time, then the 
period of growth will be reduced for animals in poor condition and consequently 
a poorly developed set of antlers will result. Animals in good condition 
cast their antlers earlier, have a longer growing period and very well devel-
oped set of antlers (Chapman 1975). 
A great deal more experimental work is required.to define the influence 
of nutritional treatments upon antler growth and the mineral requirements for 
maximum growth, especially in regard to production of velvet antler for the 
Asian medicinal market. 
ABNORMAL SITUATIONS 
There are a number of situations which can lead to male deer being antler-
less (excluding the antlerless Chinese water deer and the Musk deer). 
(1) Abnormal gonads. Bilaterally cryptorchid animals lack testicular function 
which prevents pedicle and antler development. A number of these animals have 
been reported (Hudson 1950). Obviously not all types of gonadal abnormalities 
lead to antlerless deer, only those which prevent normal production of test-
osterone. Obviously fawns castrated before puberty will remain antlerless. 
(2) Congenitally polled stags (hummels). Apart from their lack of antlers, 
hummels are usually indistinguishable from normal stags. The animals can 
exhibit all components of rutting behaviour suggesting that there is no simple 
sexual deficiency. This abnormality appears more frequently in Red deer than 
other species. The only evidence that the condition is genetically determined 
comes from the differing incidence of hu:mmels in parts of Scotland (Whitehead 
1950). The areas of highest incidence are some of the most nutritionally 
impoverished habitats for deer in Scotland, suggesting that there may be an 
environmental component (Lincoln & Fletcher 1976). Mitchell & Parish (1970) 
have shown that hummels do not necessarily grow larger than antlered stags. 
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Lincoln & Short (1969) and Lincoln et aZ 1973) have described an 
experiment where a hurnmel from a nutritionally impoverished area w~s mated 
with a group of.nonnal hinds. Twenty-four.male offspring were produced and 
all developed normal antlers. This indicates that a dominant form of inher-
itance does not operate but it does not rule out other forms of genetic control. 
The hummel has since been mated to his daughters to. further investigate this 
problem. Lincoln & Fletcher feel that the poor feeding conditions early in 
life have made a considerable contribution to this stag's condition. 
This stag, when l2 years of age, had developed only.rudimentary antler 
pedicles. Following amputation of one pedicle, a complete antler subsequently 
grew, was cleaned and cast. A new antler cycle.was then initiated. Thus this 
stag was able to grow antlers but the primary abnormality was his inability 
to develop fully formed pedicles. The operation stimulated growth of antler 
tissue (Lincoln & Fletcher l976). 
Female deer with Antlers 
With the exception of Reindeer, female deer do not naturally develop 
antlers. However, female deer occasionally develop antlers and this occurs 
most frequently in Mule, Roe and White-tailed deer. In _other species, females 
with antlers are very rare. 
Most of the reports of antlered female deer are erroneous as the true sex 
of the animal was not determined. Many are intersex types (hermaphrodites) 
and some have hormonal imbalances. Of_l62,000 antlered White-tailed deer 
shot in Pennsylvania between 1958 and l96l only 47 (0.03%) were classified as 
female (Donaldson & Doutt 1965). Amore comprehensive coverage of the 
literature is provided by Chapman (l975). 
CONCLUSIONS 
The stages of the antler cycle are probably mediated via light acting on 
the hypothalamus and pineal glands. Antler growth is then probably initiated 
and controlled in the early stages by the anterior pituitary gland. 
'resticular regression in late winter would probabiy "free" the hypothalamus 
and the pituitary from the negative-feedback effects of testosterone and 
possibly other steroids. If, at the sa:me time, the appropriate stimuli are 
present (the photoperiod usually provides this stimuli) then gonadotrophin 
secretion should occur. It is suggested that at least one of the gonado-
trophins is released in the spring and that this initiates antler growth and 
in the processs the gonads are reactivated (West & Nordan l976). 
Calcification of the antler and velvet shedding are probably regulated by 
luteinizing hormone acting via testicular hormones. Low production of 
testicular hormones rather than production. of an antler growth hormone is 
suspected of causing antler casting because in some species, antler regrowth 
does not occur immediately after casting. 
The general pattern of events in the antler cycle is followed by most spec-
ies of deer. However the factors initiating and controlling the cycle in non-
temperate species are still unknown (Chapman 1975). 
The influence of nutrition and bodyweight are important in regulating the 
size of antlers. Larger and well fed deer produce bigger antlers than small 
and poorly fed deer. When nutritionally imbalanced diets have been fed, poor 
appetite and poor antler growth have result.ea. However, few controlled exper-
iments have fully investigated the effects of nutritional parameters on 
antler growth, 
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Great scope exists for further research into many aspects of the antler 
growth cycle and antler development. Detailed and accurate recording of 
observations are essential if our knowledge and understanding of this complex 
and fascinating subject are to expand. 
* * * * * 
Table l. Composition of mature antlers 
Bernard l963 
Specific 
Gravity. 
Ash 
% dry 
wt. 
Calcium 
% dry 
wt. 
Phosphorus 
& dry wt. 
Calcium 
phosphorus 
ratio 
Mean of eight species 
Fallow deer 
+ l.57-0.l6 + . + + 55.35-i.79 2l.04-l.72 10.08-0.81 2.09 
+. l.5l-0.08 48.18:!:i.i7 i8.2i:!:o.36 8.68:!:0.36 2.10 
Hyvarinen et al 1277 Red deer 
+. . + + 6 . + Glensaugh 1972 1.37-0.05 59.0:-0.84 23.l-O. 3 l0.9-0.22 
. +. .+ 
l973 l.09-0.03 55,3-1.62 + 22.i-0.68 
. + 10. 5-0.35 
l974 0.98~0.06 + 56.2-1.33 + 6 22.7-0.7 + 10.5-0.29 
+. + + io.6:!:0.28 Rowett 1972-3 l. 38-0.08 59 .. l-2.l7 22.7-1.09 
Table 2. Effects of photoperiod on antler growth cycles (From Goss l969b) 
Average date ,when. Average Average 
Photoperiod Antlers Velvet duration interval 
shed shed .. in velvet between 
c cles 
8L/16D May 9 (6) Sept. 2 (4) 136.0 (2) 287.3 (3) 
12L/12D June 12 (6) Aug. 23 (6) 72.2 (6) 
16L/8D May 22 (8) Aug. 6 (7) 136.2 (5) 3l7.0 (4) 
241/0D May 26 (15) Aug. 10 (ll) l2l.O (ll) 3l4.4 (9) 
Controls May l5 (l2) Sept .22 (12) 130.0 (l2) <365 
Figures in parenthesis indicate numbers of observations 
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Table 3. Bodyweight and antler weight of Red deer at Glensaugh deer farm 
and at the Rowett Resea:rch Institute 
BodyWt ~ .·· (ke;) Both antlers 
In Dry matter (DM) 
September 
Mean SE Mean SE 
Glensaugh stags 
2 years old, all years l6 85.3 2~l 0.233 O.Ol5 
3 + 4 years old, all years io 94.9 2.7 0.396 
* **** 
1972, all ages 4 ioo.2 4.3 o.4i7 
1973, all ages 8 93-.-7 2 .• 9 o.308 
1974, all ages 14 83.0 2.2 0.253 
** *** 
Rowett stags 
2 + 3 years old, all years 3 170.6 12.3 1.108 
Mean values for different age or year-classes were stastically 
significantly different * P < 0.05,** P < 0.01, *** P < 0.001. 
(FrOJ'.ll Hyvarinen, Kay & Hamilton 1977). 
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